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(S) Electrostimulation of microbial reactions. 

(57) A method of fermentino a substrate wHb a microoroan- 
(cm by forming o broth oomprioing tho aubatrotc ond the 

microorganism, and forming a fermemarlon product (here- 
from characterised in that a fermentation stimulating eleetri- 
ool cignal b imposed ocroao the broth. 
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PESCR ITJIQN 

J^OJROOTimJIATlOlT QF M T r ;T? o BIAL gEA(y?Tmggii ' 

Microbe reactions, i.e., fermentation, ar* tHe 

E Tl !™ i0n ° f a I.--. « substrate, 

to a metabolite, i.e., a product, V the actions of ' 
. 5 microbes. Mxcrobc reactions ^e characterized by the 
. growth at the microbe, am the subsequent formation of 
a metabolite product. That is, substrate is u Sed ' " 
onatially for the growth, and maintenance of the mWobes 

fl" * °* *** of product. Product 

formation xs related to the conception 01 substrate, - 
tbe concentration of microbes, ««» the. yield coefficients 
of proauct ana microbes with reepoct to the substrate. 
Moreover, the concentration of .microbe* is* faction of 
15 the specific growth rate of the microbes, and the yield 
coefficient of the microbes *ith respect to the suCtrate 

*hat if ™ tiM \ re *<* io ** «• typically slow reactions! 
That xs, they require long residence time, i. e , high 
ratios of reaction medium volume per uni^ volume of 
20 Production per unit time. They also, have a long .initia- ' 
txon txme. That is, metabolite product cannot be formed/ 
xn large quanxxtxes until high concentrations of microbe 
arc present. Nutrient, i.e!, substrate, is initially 

25 th^ Ze t P " lTO r^ t0 ted ****** microbes. *Z 

TlT^I'* " ****** *° a *° form " 

metabolite product. 

Moreover,, tne reactions, involving microbial growth, 
dxvxsxon, are complex. Per example, when the 
marches ara bacteria, cell gruwfch and division ia by ' 

f^ SlM1 : ^ ^ vid « al -'<^ will double in. mass 

and content of cell constituents, and then split into two 
xdentxeal daughter cells. * way of contrast, yeasts 
- are a class of micreerganiem that grow and divide by 
"xdo-Lag. That is, a bnd will ^ow on an individual cell 
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until it matches the si&e of the original cell, and .then 
separate,, leaving a bud scar. Fungi grow by chain 
enlongation and branching i.e., with growth proceeding 
from the tip of the mycelium through the formation of 
5 septa between individual cells. Cell division nitty 

require anywhere from li? minutes to" en hour for bacterial 
growth, from minutes to 2 hours for yeast growth, and 
from one to eight hours for fungi, or mycelial growth. 

The specific path of product synthesis , i.eu, the 

10 reaction path for the formation of the metabolite 

product from 'the 'oubetrate or nutrient io not clearly 
understood for every fermentation reaction. However, 
it io believed to depend upon microbe growth and 
Concentration, nutrient utilizacion, and metabolxc 

15 controls'. . 

It' has now been fo und that the reaction rate of 
fermentation reactions, that is, the yield per unit time, 

» 

unit volume, unit nutrient or substrate concentration, 
and unir microbe concentration is enhanced by the 

20 application of an alternating or pulsed high frequency 
elActrxc fifclri "bo tha reacts on Tnftdxwn of jtnerobas, 
substrate, and nutrients* 

As used herein, the terms ''f ermentation" , 
h fermentation reactions 11 , and "reactions utilising 

25 fermentation techniques" include aerobic and anaerobic 
metabolic activity of a microbe or microbes in which 
chemical changes are brought about in an organic or 
• . inorganic substrate, and any process mediated by or 

involving microbes or microorganisms in which a product 

30 accrues. 

As used herein, the terms "microbes 11 , "microbe 11 , 
microorganisms r! , and "micro-organism* 1 include prolcaryotes 
and eukaryotest "Prokaryotes" , as used herein, means 
unicellular microorganisms, including bacteria and 

35 unicellular blue-green algae. "Eukaryotes" , as used 
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herein, means multi-eel.! ular microorganisms , including 
fungi, yeasts and actinomyoetcs. , As used herein the ' 
terms "microbes", "microbe" "microorganisms" and «mi cro _ 
«g«tn- include immobile "microbes and systems "and 
5 structures of Lmuubilized microbes as well as non 

«micr^r^ miCr0bee ' ^ USed h ****< «» terms "microbes*, 
. 'Wroorganisms", and "microorganism" include 

both naturally occurring etraina and artificial ! 
recombinant strains, i 

10 fermentation reactiono, i.e., fungus, yeast, -actin- 

oayectes, and bacterial fermentation reactions are 
Utilized industrially. Fermentation reactions are canable 
• of wider industrial' as. based upon raw material av*2! 
ability and costs, by-product usage, and increased 
neaction rates. 

According to the invention 'described herein, any 
- or all of tbe reaction rate, the innoculua build up or 
efficiency of conversion are increased by electrical 

20 •• T-^t^L EUCtriCal ■W«^«'loa.-T D e utilised to 
20 .x*duo« tne time .reauired fo carry out the" reaction or to 
increase tw productivity of a given unit uf production, 
that is to increase the number of batches that can be 
fermeTited in a given reaction vcosel. 
■ electrical Simulation is meant the application 

25- of a pulse, or alternating high frequency electric 

• signal- field across the broth whereby to pass an electrical 
current thxough the b.oth, e.g. , by insert^ electrodes 

* Tf tb th ,% UadCr Urease the rate 
x u !f ! reacti0 ^»^^ substantially avoiding 
.50 s,gnifxcant destruction of the micro-organist, e.g., 

fungi, bacteria, yeasts or actinomycetes, the reactants, ' 
- e.g., the substrate, or the products. 

vil 0 b*S ^ ^ * or from about 1 

tilohertz to about 1000 kilcherts is particularly 
15 satisfactory in carrying out the method of this invention. 



8?./ 31/2001' 15:42 0604215505 RCOTAX PAGC 00/27 

0041373 

ILiie electrical stimulation electrical current 
may. be on alternating current or pulsed direct current. 
It should have a frequency of from- about 1 kiloherfcz 
tu about 1000 kiluhei*fc* t altkuuKli Xi-e^uenaies- below . 
5 about 10 megahertz may be used as well as frequencies 
above about 0*1 ki,loherta with .aoine-. increases in yield* 
However, care should "be taken e*g„ by using a frequency 
above about 0*1 kiloherts, to avoid large /amounts of 
electrolysis occurring within the reaction radium at 

•10 low frequencies. . , 

me method of this -invention may advantageously be 
carried out at various ranges of the cleotrolytic 
variables, i..e. g electrode area, inter-electrode spacing, 
inter-eicctrocLc volume, current, current density, 

15 current per unit inter-electrode volume, current -per 
unit brotbi volume, voltage, voltage ,per unit inter- 
electrode spacing, power ptu: unit intex^eleotrode volume % 
power per unit broth V6lume, and. frequency.* 

Tor example, the method of this invention has b^en 

20 " carried out utilizing Saccharomyftes cervl siae to ferment 
glucose at currents per unit interelectrcie. volume of 
from ahout 1 x 10~? milliamperes per cubic centimeter 
to about JO x 10~^. milliampcres per oubio centimeter of 
inter-electrode volume, at currents per unit broth 

25 volume of from -about 1 x 10"** mi^L^P* 1 ^ 5 per cubic 
centimeter to. about 50 x 10"* iailliamperes* per cubic 
centimeter of broth T current densities of a*bout 2 x 10~^ 
milliamperes pex* .'square* centimeter to .5 x 10 ndlli- 
emperes per square eeretimeter of 'electrode area, voltage 

50 fluxes of 0*1 to 3 millivolts per .cent imetej? of inter-* 

electrode space, nnter elect rode power dissipations of 0*2 

10"^ watts per cubic centimeter, to 6 x 1Q~? watte per* 
cubic centimeter of" inter electrode volume and broth- 
power disaipationa bf 0*2. x 10~ 9 watts per cubic ccuti- 

55 meter of broth volume to 8 x- 1D~** watts. per cubic 
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centimeter of broth volume. Electrulybio variables, i e 
currents, voltages, and power dissipations, and products" 
snd quotients thereof, outside the above ranges may be 
utxliaed as long as care is taken, by avoiding simultam-- 
5 ecus astomer of the ranges, to avoid destruction or the 
microbes . 

According to one • exemplification or the method 
.- herein contemplated, a reaction oedium of a nexose, 

e.g., glucose, otber nutrients, and a yeast, I&ccbaromvceg 
10 cerevisiae is- provided, a pair of electrodes arc spaced 
aoout 4. to about 7 centimeters from each other within 
the broth, and an electrical current at a current density 
of about .0.1 to about O.J milliamperes per square 
centimeter of electrode area is passed through tbe 
15 reaction medium at a frequency of about 100 kilohertz to 
.• m about 1000 kilohertz. m this way, the yield of product 
per unit of substrate per unit time is increased -by 
about 15 to about 20 percent compound with the result 
without eleotrical stimulation. 
20 According to an alternative exemplification of the 

method of this invention, a reaction broth of a 
. bacterium -such as Villus ^poj^^a D r Bacillus ligbeni. 
formxs, and glucose are prepay . The fermentation 
reaction is then carried out while an all exiting current 
*>> having a frequency of about .1 fcLlohertz to' about 1000 

kilohertz, an imposed voltage signal sufficient to provide 
- . a current of 1 x icr* milliamperes per cubic centimeters 
of interelectrode volume and 1CT 1 to 5 milliampers per 
liter of oolution is deposed across the broth. i«be 
resulting production rate of butane diol ia increased 
- by about 20 percent compared with the result without 
electrical stlmul ation. 

Bhc method of electrostimulated fermentation herein 
described is useful vrlth single cell blue-green algae, 
55- bacteria, yeasts, and actino^cetes. Suitable yeast* 
are for example, beker'e yeast end brewer's yeast, i'.c. 
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single cell yeast of the SaccharoqycoS diceie group f as 
exemplified by Baccharoigyces * cerevjsiae «_ " 

(Dhe method of clcctxo3timulared fermentation is 
useful with various feedstocks. Exemplary • are various 
5 carbohydrate substrates/ 3y carbohydrates v*e mean for 
example polybydroxy aUcefcydes, polyhydro^y ketones, and 
substances that yield polyhydroxy aldehydes or poly- 
hydirox? ketones .upon hydrolysis lor saccbarification. 
Exemplary carbohydrates, are sugars i i.e. '.caocharides. 

10 The saccharides useful in Lhe method of this . Invention 
may be monosaccharides, . i.e. * carbohydrates incapable of 
further hydrolysis,, or* poly sauchiir ides, i.e* carbohydrates . 
that yield monosaccharides upon hydrolysis ot saechaxsr 
ificatioiXe Haturally uucai-rins saccharide* useful 23 

l£ substrates in the methods- of this invention include 
heptoses, hescoses, pentoses, tetroses, triose 3 homo- 
polysacchaT»jri.Ps thereof, hetsropolysnccharides thereof w 
Exemplary hexoses '.include glucose', fructose > m&nnose f 
galactose, and the fructose-glucose, dissacharida, snarbfle. 

20 Exemplary pentoses include, arabinosc,' ariose,- ribose, and 
apiose. Exemplaiy polysaccharides .include sucrose, 
mentioned above, maltose, lactone, \ raff inoec, starch, 
glycogen,' cellulose, pectins , chitin, innlin, agar^ 
hemic elluloses, plant gums and mucilages r • and immuno— 

25 polysaccharides. By c^buhydraletf ' we- also mean sugar 
alcolaols l e.g. sorbitol, mannitol, glactitol, op. the 
inositols. Industrial sources of carbohydrate include, 
by way of exemplification manure, cellulosic wastes; , 
molasses, whey, -sugar, grain staroliec", and byproduct 

30. carbolaydrates. .Suitable grain starqhes -include by -way 
of exemplification -corn, com stover, wheat, barley, 
straw, and bagasse, 

Amino acids m**y be utilised *s' sub st rates for 
f exmentatiuu type reactions* They mky .be recovered as 

35 products -of fermentation type reactions, or they may be 
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iatermediates, produced In one fermentation type 
reaction as a substrate Tor a lament relation type 
reaction. Exemplary alpha-aadno acids- include alyci^ie 
alanine, valine, leucine, ^leucine, serine, t^I, 
^rV^' Conine, phenylalanine, tyrosine, 
prol^ tryptophan, lysine, ax^nlne, .istidins, • aopartic 
acxd, and glutamic acid. Ehe above enumeration L 
, intended to be exemplary, and not exclusionary. 

Other substrates vnich may "be utilised are for 
iO example, hydrocarbons, e.g., aliphatic hydrbnarbons 

oarbooyolio hydrocarbons, ana heterocyclic hydrocarbons. 
As used hereon, hydrocarbons include substituted hyaro- 
carbons, e.g. halogenated hydrocarbons, and hydrocarbons 
having one or more functional groups, e.g. alcohol, ■ 
15 ketone, aldehyde, acid, ether, amine, amidine. ff-aW 
.amide, ^F-diaJicyi a*^, iridic ester, ianide, altlisine, 
ket:mxnc, thiol, thio ether, disulfide, thic acid " 
dithioacid. thio aldehyde, thio ketone, sulfonium! 

20 phxt*. phosphate,, phosphonate, phosphate, orthoc^bonate, 
carbonate, chloroformate, carbamate, carbamide Cineludins: 
urea), lT-al3cylurea , o-aUryiu^ea, cyanate, isocyanate, 
carbodiiarf.de, xanthate, thiocarbamate , thiccyanate, 
aoothxocyanate, diasoate, or diazocyamide groups. ^ 
25 .many cases the substrate is a dilute pollutant, and is * 

degraded or .metabolized to a non-polluting product ' 
. ■ The method of electroetimulated f ermentation'may 

be ut^ed with both aerobic and anaerobic fermentations. 

ElectrostStmlated fermentation is useful in the 
industrial scale production of any proriuct that can be 
produced by fermentation techniques, as described 
hereinabove. Thcoo products include the following, which 
enumeration is exe^lary and not c,ol U 3ionary: J^- 
bxotxes; organic solvents, for example, alcohols , e.g., 
butanol.-eohauol, and amyl alcohols, ketones e.g. ^eione- 



30 



35 
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gases, e«g* carbon dioxide and hydrogen* beverages, e#g* 
wineg 1 befcTfc and liquors; foods, e.g. cheeses, fermented 
milks* pioM.es, sauerkraut, soy sauoe^ yeast, vine^ax^ and 
mushrooms; -flavoring agents e-g- monosoddum glutamate; 
5 organic acids and hydroxy acids e.g. lactic acid, acetic 
acid, citric acid, gluconic acid, "butyric acid, fumaric 
acid, and itaconic acid; glycerol; •amino acids, e.g» 
L- glutamic acid and L- lysine; steroids; organic trans- 
format ions y including steroid* alkaloid, and antibiotic 

10 transformations ; yeasts, including food yeasts and 

animal feed yeasts, legume innoculants; pestioides, c»g, 
microbial and bacterial pesticides; vitamins and growth 
stimulants 1 e«g, vitamin B 12 vitamin A, riboflavin and 
gibberalJcines ; enzymes including amylases, proteolytic 

ij5 enzymes, peetinases, inveniases, • and cellulases, inter 
alia; fats; fatly acids; aluuhuls; fuels; and liydJL-o- 
carbons * 

The electrostimulation metliud herein contemplated* 
may also be used for the control or destruction of 

20 . deleterious substances, e.g., pollutants, and aqaeuus 
dispersions, stispeusSOTiR anrl soliitions of hydrocarbons 
or balocarbons , including polymers thereof. 

While the electrcstimulate fermentation method 
described herein above is useful with various microbes 

25 , in various fermentation reactions, the method of this 

" invention may be exemplified by the Weizmann Process for 
the bacterial fermentation of starch to. yield n— butyl 
alcohol, ethyl alcohol, and acetonp.; -J:hft production of 

• ' ethyl alcohol by the use of Hhizopua fonaosaensi s, 

50 Saccharomyces oervisae , Saccharomyces uvarium , n:n 

Aspergillus foetiduo t the production of acotio aoid 
utilizing ACctobactel alcoholophilus « Lactobacillus 
plant arum , or Polyporua palustria ; the production of 
acetone utilizing Clostrid±ums ; the production of butanol 

35 utilizing Clostridiums \ the production of glycerol 
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utilise Bacillus 1-ickeniJormus or ggecj^ogygeg P oU3cii . 

the production or acetie acid uoing A cetobactei 

2£2U£5 the production 0 f wines using" Saccharogyc eV 

.5 §aooharo mx .e a _ I ^er ) Sa^harc^Ec^a^, Torpor! 

. . the production of edible protein* utilizing Xhaoton^ 
• . u ellalo.1 7 bxlum, Geotrioum ^d-i^, Candida u^iT^ 

no °* toffiaaatjassaii-r S product^ of 

-»0 anthrog^onss utilising Chr^ogpori^ aerdarinm. 

^Sj^jSri^ynadonitig,. or Ptoicilliim izlar,**^ . 
the production of antibiotico util izins 

ffi3gg&» eouiae lo, gliocladi^ . Ag^ergxlluB aoti^ ^ 
15 SggengL, aa^gaMiBUBaiJEB^ Penicillin ^I^TT 

Serr atxa rsbidaea, Strepto^.Tw^^, sggg^g^' 
o laul^ons , Srreptoinyoea.li^ii, Acinetobact^ 
.0 ocetxeus, Bacillus cerea, ^ hpTV ^_,„ " 

J&gj ^anbfcllia , the production of ' lVar fe inin7 by 

5ubtll i» » Breribacterfun, r,^, Corrnebact^ 

-25 or°bT:tT^V SC ^ iC * gttSLaa T^ production 

25 ° r bl ° tia ^ OggESSaSteri ^ urimorioxrtana . or Psu.Q- 
g gnus gutablic , the production of butanediola wq ^T" 
- . . Bacillus liohmirorml^ , Bacillus ^ol 7 ^ l or KLebsiellu 

the production of but^icWd usInV^* 
_ iExvabrio f ibri.oj y PT , H] the production of caprylL^cfd 
*° ^ ^cteriu, Hl ^ lT H nili| the p^SSLT • 
carboy acid utilizes Succhro^**^^ 

the production of 
gi2Eoru= ^ustris; the production of f setose utilising 

55 fluoroaoene ; the production of gluconic acid usln^ 
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Aspergirlufl carbonarius % or ' Penioillum chrys o ftenum ; the. 
production* of glucose utilising. Tpichoderma longibrachr - 
iatup \ the production of p-hydroxy bensald^shyde usiag 
G accharomycea static; the production of singl* cell 
5 proteins utilizing Ajthrobactoa? pefrrolcophagus , 

Arthrobaoter rubellua , Arthr abac I er . . AspergilJug romip:- 
atug , tjs L J u 1 n/nonas cartelytxcun , C oryncbact cri^™ fujji- 
. • okcmee , Kl^Turomyces fr agilis morehella crassipe . Wyc*o- 
bacterium ciarftatum\ >7ycoobacteriufti petrol cophilum . or 
*10 Nooardic. neoopRca , and the production of xant hac gum 
using, e.g- t jfenthamoTias r-ampestris » The method of 
electrostimulated fermentation las^y be used 'in tlie 
fermentation of eubstrafcp.R to obtain.. vitamins, anti- 
biotics , ' and en&ymes . * . 
1-5 Electro stimulated fermentation aleo fiaads utility 

in microbial cellulose d£gcction 3 e.g., with. Po lyaii^ium I 
cellulosuia ; cleaning metallic surfaces,, e^g. f with. 
TOiiobacillus f errooxidans. or tPhiobkoillua thiooxida ng; 
degradation of cellulose; degradation of cyanides in 
20 v«ste water, e„g. , with' Bacillus Bubtilio , Ooryncb&ote riugu 
or Focard ja rubrop extinct a ; . degradation., pi -ethylene 
glycol with unidentified bacterium, ATCC 270'l2j degradation 
] of chlorinated "phenol fungicides } 'degradation of systemic 

fungicides , e . g» ? * with Bhiz crous .lapnnicus : degradation 
25 .of hydrooarbono, c%S«> with/- Aspergi llus Versicolor . 

Brettanomyces petrouhilum / Candida ' petpophilum , Candida 
tropicalis , Claclosporium resinae f Cuminghameila 
elegans, Eupfenieillium zonatum; , SaccharomycapnT>s lipul^r- 
tica, or floralopsis pgtrophiluja s degradation of Qet fuel, 
• 30 e,g., with Acre monium .strieLum , Alternaria- alternata , 
Aspergillus jutrn^atfifi r or Sladosporium resiaae^ * 
degradation of methanol, e..g., with Hemsenula- polTmorpha : 
degradation or ni.trjles in' waste water, «.g.., with 
Aloaligenea vi aolaccig, iTocaxdia ru br o p L t n rvt: h y or 
55 Ba cillus subtilis ; . rifigradfrtion of petroleum* e-g-'with 
Aspergillus aurgohaaidiurcu Candida pg ^apsjjpsis , ' Candida 
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rfrrotheoium ver racaria, Nocardla am-in™ ^gjdjT 

£ubra, ^olUium, Protozoa, Shodotorula . Sadharo- " 
5 myoes ceyvisiae , or Saookj^co^ lieolg^T"^ 
degradation of phenol, e.g., wiS Glp^oruBTTchxous 

or Rhg^orula aautfada, the degradation or wood: 

^ phosphate removal in sewage treatment, e .g with 
gpyBOBpoxrl TO ?annoriJTt1i Ooo^taajssaSiaia, Mucar 
10 hiemalin , and Iaecil^y ces oarng^ water poison 
control, e.g., with Hxodotorula Rlutinis and T.-icHo- 
t heo3.ua rose um; ■ and the production of de^ran7l^~the 
fermentation or Across, 0 . 5 ., ^ x 2H ^ 8 * gSLag ^ 
go^ga ^ M^cffl «*»too sareus; the production 

15 of inmranopolysaccharid.es. 

!Ehe following examples are illustrative; 



20 



Meotroetiaulated and oonventional fomentations 
were carried out in a oaten reactor. 

mlll-i^ 6 XBa f bT ° tl1 ^ * ^ placing i 5 0O 

mxllxlxterc of distilled W ater in a sterilized 5 liter 

°«*«W~t». water and nutrients were added 
to the heakor in the following quantities 



Glucose 220 grams 

25 • - NaC1 ' 3'grams 

E 2 HP0 4 . 2.4 grams 



30 



BhF 0 ^ • 0.4 grams 

'Distilled Vater to make 2 lifero 
thereafter, a 200 milliliter portion of the gluco,* 
solntzon was placed in a sterilized container and 14 
grams of Pleiechmann.e yeastj sa^haro^ces 

ojEE^Zifae, was *dded thereto and stirred to f D »l B ' i 
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12. • • 

portioziB of 100 millilitcro each and pub" into" two 'l liter 
sterilized resia kettles. To each or the divided yeast- 
glucose slurries were added 2*1 grama of corn meal % and 
700 milliliters of the glucose solution. . 

Ihe outlets of "both reactors were connected to 
wet test meters to measure the gas produced/ One reactor 
was run without electrical etimulgtiog, * 

£he other reactor had an electrode pair oT irwo 
4- square inch stainless steel eleotrodco, 4-* centimeters 
apart* A si^ua! generator was utilized to. generate a 
300 kilohertz, sine wave, voltage si0oal* . A 5° inilivolt 
sipzial caused a current of 1.5 mil liamp ares to flow* 

Eight sijfctiltaneous, . side-by-side runs were made, 

with one reactox* having ^leckrica^ stimulation and the 

• • • 

other reactor "being unstimulated. 

The results sIlo-wb. in Table I, below* -vrere obtained.; 

TABUS I • • 

COMFAKISON 03 1 ELECTE0-STIMUI«ft.IED- PEHMENIMHOIT IffiCH 



Length 
or Horn 
(.hours ) 


CuM-ertt 

tmiiii- 


• Moles of t • 
Dtliauol-^ 
Stimulated 
{.pre! euro- . 
mato^raphicO ■"■ 


Moles of 
Etbsaol- 
• Unstixrulated 
Xge-J r.hro- 
matoferapliic} 


26.5 . 


1.25 


. O.476 ' 


0.-456 . 


19 


i.25 • ' 


." 0.506 


V 0.47*5 • 




1-5 


. '. .0.561 


0.469 


47- P 




0.967" 


O.930 


23-4 


.2-25 


O.fJOO 


O-855 


27 


2.-5 


0.420 . 


O.390 


43.4 


■ 1-5 -6.1 


. 1-14 


■ 1 .16 : 


25-5 


2.25-6.5 


. 0.713 ' ' 


O.707 * 



' SAMPLE IT ; 
Electrosfciarulated fermentation was carried out in 
a hatch react ox* to determine the effect of curxent and 
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OSM reaction broth was prepared by placing one 
llLer of distilled wat*T ±a a storilieed beaker. 
Carbohydrates, vater and nutrients were added to the 
beaker in the following quantities .- 



5 Sucroec 



100 grams/liter' 



3J * 01 1-5 grams/liter 

(EH 4 ) 2 S0 4 5a grams/liter • 

^BK) 4 grams/liter 
XH 2 K>4 • 0.2 grams/liter 

nu Distilled water ■ 

1.2 liters of the solution were placed in a 1.5 i ite - 

resin kettle. 

Thereafter, 7.0 grams or Fleischmann's dried Baker'o 
Teast, saccharoses ocrevioiae, was poured on top of the 
15 reaction broth. The reactor was then closed, with gas 

venting through a water seal bubbler. The mixture -was * 
allowed to stand Tor 18 hours, 

thereafter, at 24 hour intervals, the slurry was 
removed from the reaulor by aspiration and filtered to 
20 recover rhe yeast cake. *he yeast cake was added to 1 0 
• liter of fresh reaction broth and returned to the kettle 
vhich was sealed with « ^s veni; to a Durette of x ' 
sulfuric aoid and stirred for 5 minut es. 

^ "i tW ° * ma * Xm E * s voluae wading* were token 

<?5 at eu half hour intervals, and used to calculate a 

base gas evolution rate, fio. Thereaflrar, electrical 

stimulation was commenced. Pour 'sao volume readings were 

taken at half hour intervals beginning one hour after 

electrical stimulation, and uecd to calculate a test K a* • 

evolution rate, • Jox . ^ f erme ntation with aliwtw- 

stiMulation, K T is the gas evolution rate. Por the 

fermentation without electrostimulation, is the gas 

evolution rate measured simultaneously with and calculated 

in the same way as the- .gas evolution, rate for electro- ' 

stimulation. • After tnre« hours of electrical stimulation 



30 



35 



1 
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10 



^5 



20 



30 



14. 



the current was turned off for- 19 hours , and then 
reaction slurry removed as descxihed above. 

Kaon electrode was a nickel wire, 0.63 millimeters 
diameter, spiraled twice around a four Inch ClO cm) lone, 
3 millimeter diameter* glass rod. The electrodes were 
opaocd 6.5 to 7.0 centimeters apart. Voltage was 
provided by a iJynascan 3010 function generator. 

The effect of applied electrical field was as shown 
in Table IT below: 

(CABLE II 

EFFECT OP APPLIED CUEEEST (AO? 100 KILOHEHIZ) 
. ON GAS KVHIffPIDN • 



Current 
(milli- 

sunperec) 

0.15 
0.15 
1.5 
1-5 



0y*0 

(wirhcut 
curre nt j 

1.05 

0,92 

• 1.01 

0.98' 



(with 
current) 

1.15 

1.02 

1.13 

1.17 



(Ejn/Eo)with 
currant 

OcU/Ho) without 
current 

1.10 

1.11 

l.:i2 

1.19 



-. The ef foot of frequency was as shown in Table III 
"below: 

• " TABLE III 



EFFECT OF PKEQUEKCY (AT 0.15 MTLLIAKEEBES) 
- ' OCT GAS BV0H3TI0N . 



Frequency 
Usilohen; z ) 

10 
100 
100 



(VRo) 

(without 
current) 

0.83 
1.05 
0.92 



(Bj/Bo) 

(with 
cuxxen 



(Em/Ro) with 
current 

b \ . CfiJf/KOJ WITJIOUt 



0.92 

1.15 
1.02 



curren t 
1.11 
1.10 
1.11 



55 



EXAWJPLK TTT 

Fermentation of glucose with s.cervisiae was carried 
out with and without electrical stimulation. 
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A troth was prepared containing 220 grama of 
gluoooc, 7.5 grams of S.cerevisae. .10 grams 0 f HH„C1, 
22 grams of JT^EPO^ * 7 %0 f 12 grau* of KH^PO^ *" 
1 srcm of MS 30 41 and 0.04 grams or ChtfflU, and dictilled 
water to make two lit ere. 

. f e .^ ^ divided into two portions and placed 
. in sterili^a resin kettleo. 'Both kettle were stirred 
continuously with a magnetic stirrer. One kettle ■ 
tended for electrostimulation, had an electrode paif, 
each electrode was a 0.63 millimeter dimeter nickel 
wire spirted twice around a four inch (10 enOlong 5 ' 
millimeter diameter, glass rod.- U-he electrodes were 
spaced 6.5 to V.O millimeters apart. ' 

She fermentation wa* carried, out at 30 degrees 
Centigrade for 2 3 . 5 aom*. ' A signal generator was 
ut^sed to generate a 300 kiloherU ai .50 millivolt, sine 
wave signal. The results sllowa l5elow ^ oWa4?wd . 



S.QBEVISI aE FESMENTATION" 
~ffg GLUCOSE 



• FKEQUEHCT 
CURRENT • 

HTITIA.Ii XEiST (GKAMB/ 
LITER) 

FIKAL TEAST (GRAMS/ " 

LITER) 
INITIAL GhlJCCJiST; (GRAMS/ 

LUES) 
P.TWA.T, GLUCOSE • (GRAMS/ 

• LITER) 

TNITIAL ALCOHOL (GRAMS/LITER) 

PIHAL ALCOHOL (GRAMS/LITER) 

GRANS OP YEAST/GRAHS OP 
GLUCOSK-HOUR 



WITHOUT 
ELECTRICAL 
STIMULA.'PTnw 



WITH 

EIEOTRIOAL 
STIMULATION 

500 kiloherta 

1»5 willismperes 



8.8 



108. 9 

4-. 3 
0.7 



9-3 • 
106. 3 

<0.20 
.. 0.8 



GRAMS OP ALCOHOL/GRAMS 

. OP GLUCOSE-EOOR 
GRAMS OF ALCOHOI/GicAMG 
. OP YEA Si' (.JPTNAL) 



2.18 x 1Q-5 . 2.85 3C 10-3 



2.18 x 10" 2 



1-71 x-10' 



,-2 



5.72 
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OUT.T, COUHT OS 1 200 SQUARES (ttuee pipette samples per 
kettle) ■ 

SAMPLE 1 660 865 

SAMPLE 2 739 89> 

5 SAMPLE 5 6J2 ' 804 
MEAN . 677 

"RANGE 107 91 

EEAEUA.HD DEVIATION 63 53 

PEKtflSN'l' TfELflTIVE 

10 3TAHDAHD DEVIATION 9.3 6.2 

TJIPEEEENCB IN MEANS 178 



£p ^ # 26 4 ?% EELA-TIVE 

„ . 4 (at 1 standard deviation 

15 (o 1 is the stranded level) 
' deviation and n^ is the 
number of replications) • 

(Ehe students "t" test was applied Lo the cell 
counts. A Qt or 3-79 with a probability of 0.02 was 
20 obtained. Ibat io, the probability* that random errors 
vould result in Ihe 26# relative difference observed 
was less than 2 peroent. 

T^AMEEE IV 

A series of tests were conduct Gd "bo oompore 
25 electrostiiiiulaled ftunientatlon "With conventional 

*l'e"nmRTitation. For each, test a simple nutrient solution 
was prepared- A portion of the nutrient solution was 
. withdrawn to malre a yeast solution. {Phe remainder of 
the nutrient solution was* divided into two equal 
30 portions and placed into two identical laboratory 

ferment ere. Both fermenters had on electrode pair. 
Fleiechiflajui't: Baker's Yeast, Saccharomyces cervisiae . was 
slurried in the remainder of the oingle nutrient 
solution. The nutrient solution t containing the yeast, 
35 was divided in half. Each half wa3 placed into one of 
the two identical laboratoiy ferment era. A voltage 
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signal was applied across one solution only of the pal* 
Solution samplers were oimultaneously taken from both 
oolutiona of - the pair, m f f erencee between the two 
f mentations of a pair were attributed to electro- 

5 otimulation, while differences between eeto of pairs of 
fermentations were attributed to conditions of the 
nutrient and innoculum solutions prior to commencing 

. the tests . - 

Por each fermentation a resin kettle f ermenter was 
10 us*d. She resin kettle fermenter had an ins ia e dia^ter 
. - of 10 centimeters, a depth of 1>" centimetere, and was 
• sealed on top. Each rccin kettle fermenter had a sample 
probe, a pH probe, a mecnanical stirrer, a sodium hydroxide 
inlet- , a gas outlet, and on electrode pair, £he 
1.5 electrodes were a pair of two inch C5 cm) hy two inch 

• (5 cm) stainless steel plate electrodeo opaoed two inches 
(5 om) apart, 

A glucose solution was prepared by adding in order- 
Glucose- B^O 220 grams, 



20 



25 



50 



10 grams 

' uagHBV yBgO 22 grams 

. - :EH ^ P0 * 12 Kl'Hm 

K* 00 * , 1 gram 

■ " Ca01 2 • 0-04 gram 

H 2° " to make 2 liters 

•Dhe gluoooe solution was boiled, and the pu was 
adjusted to pH— 5 with HjK^. 

A yeast slurry was prepared by withdrawing 200 
milliliters of the glucose solution, «nd stirring 3,6 
grams r>f Sj.eiscbmana'6 Baker'c Ycaat S accharomyces 
.g.^-ryji 3 ^ 8 -* into thw nutrient. 

_ Kaoh test was commenced by dividing the nutrient 
solution into two 800 milliliter- portions and placing 
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onft portion of the hutrient solution into ccich resin 
kettle fexraenbe.e. . Thereafter the slurry "bf yaast and 
.nutrient was divided into two 100' milliliter portions. 
Que portion or the yeast-nutrient -slurry was added to 
5 each of the resin kettles. 

The resin kel'Ules were maintained at ; a temperature 
of JO degrees Ceritigrado hy inmercibn in a. water hath. 
The pff was maintained hefcween pH 4.7 and pH 5.2 "by 
•* Addition ol aqueous ITaOH- In each run a* 300' kilohert*, 
iO 1.5 milliampere f 50 milli\ulL signal was* applied across 
• . the electrode pair in one kettle • 'jfo: # Signal was applied 

to the electrode pair in the other, ktr&tle* 
'i'Jie loJlrwrng results were ohtained^ 



S et 1 

15 EIAPSED ITO OukEffiKE .OOHKEM? 



TIHE 
20 (horns) 


Ethyl 
Alcohol 

liter) 


• Glucose 
(grins/ 
• - liter) 


" Ebhyl-. 
Alcohol 
(gnus/ 

.-. liter) 


Glucose 

(gnus/ 

liter) 


1.25 


1.17 


98 


" ..72 •: 


100 


• ' 3 


1.87 


96 " 


• 1-9S" : 


98. 


6 


5.28 


78 • 


5.72' 


79 


25 


' 31.8 ' ' 


• <6.25 


.40,4.. 


<:o.25 



- 25 Pinal Yeast 

Cgrms/liter) 2- 54*. • '2.63 



,3et 2 ' •* 

ELAJPSED HO QUERENT -'CUBKEHT 

TIKE 



50 


• (hours) 


Ethyl 
Alcohol 


• 

Glucose ' 

(grms/ 

liter).' 


• Ethyl 
Alcohol 

(grms/ ' 

liter) 


Glucose 

(gnnj.^/ 

liter) 




1 


0.69 . 


'• 98 ' 


.0.09 • 


105 




2 


6^55 


•85 . 


°-7l 


96 




4.5 • 


2.7 


?8 


.2.2 


76 * 




6.5 


5-6 • 


72 


6.9 ' 


64 




28 • 


40.2 


C0.25 • 


•• 57.0 


<0.25 



Sinai Yeasr . •:«.•* 

40 (gnas/liter) 0.466 0.504 
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Set 3 

EIAE3ED 
TIME 



(hours) 
1 
3 

4.5 

6 

22.5 

Final Yeast 
(grms/Aiter) 

Set . 

EXAPSED 
TIME 



19. 
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Ethyl 
Alcohol 
(gnas/ 
lit or ) 

3-0 

0.5 
22.9 

57.9 

4U-.2 



Glucose 
(grins/ 
litelO _ 

87 

87 
40 
19 
<0.2? 



9-0 



NO CUEREHT 



(hours ) 

1 *• 

2 • 

3 
4 
5 
G 

7 
8 
9 

Final Teast 
(gxsna/litex) 



Ethyl 
. Alcohol 
(gnus/ 
liter") 

0.7 
2.9 
3.1 
5.2 
11.6 

18.7 
24.8 

31.9 

41.7 

8.9 



Glucose 

(Siaaa/ 

liter) 

105 

98 

84 

78 

GO 
00.2 
.3* 



<0.25 



Jtthyl 
Alcohol 
(gxmo/ 
Liter) 

5.5 
11.0 
28.0 
37-0 
48.7 



'Glucose 



•* * i — - - 
liter ) 

88 

70 
45 
19 
<0.25 



9.8 



1 



Ethyl 
Alcohol 

0.6 

3.* 

5.4 
10.5 
19.9 
27.1 
32.0 
51.0 
56-6 



Glucose 

(grms/ 

litexO 

110 

95 
92 
"82 
62 
10.3 
-3 



<0.25 



9.6 
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Get £ 

ELAPSED WD CUKRERT CUOTEHT 

TIK E ^ , . 



5 


(hours) 


Ethyl 
Alcohol 

liter) 


Glucose 
liter) 


Ethyl 
Alcohol 

liter) 


Glucose 
liter) 




1 


1.0 


109 


. i-i 


107 




2 


2.0 


90 


2.8 


97 


10 


3 


4.9 


81 


5.1 


83 




4 


9.5 


60 


0.0 


80 




5 


17.0 


70 


17.3 






6 


19.1 


54 


17.7 


56 




? 


21.7 


35 ' 


24.0 


39 




8 


52.4 


21 


57-1 


2? . 




25-5 


41.4 


• 4 


46.9 


<0.25 



. Final reast 

(grms/liter) 9*9* . 10*5 



• " While tlie invention* has been described -with, respect 
20 to certain exemplifications and embodiments % tJiat is 
with, respect to certain microbes, i.e., bacteria , 
actinomycetea, Tungi, and yeasts, certain substrates, 
i«e», hydrocarbons, and carbohydrates, and certain 
. products, it is not to "be so limited, except as in the 
25 cloimo appended hereto. 
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CMIKS 



To A method of fomenting a substrate with a 
microureauism by forming a broth comprising the substrate 
and the- siicrowganiBUL, and forming .a fermentation product 
therefrom characterised, in. that a fernumtation stimulat- 
ing electrical signal . io imposed across the broth, 

. 2 0 A method according to claim 1 characterised 
in that the microorganism io yeast r actinomyoetes. 
bacteria, ox\ unicellular blue-gr a«n. alga®. 

3. k method according to claim 2 characterised 
in that the. yeast is q, Sacchar omyoid ea.p nr a Sagohfty^ 
omvees cerc-jsiae«, 

4o A method according to clai m 1, X or J 
; -.characterised da that the substrate is a carbohydrate, 
15 hydrocarbon ox % amino p.cid 0 

5o A method according to olaim 4 characterised 
in "that the carbohydrate is glucose, fructose or 
aannose* 

6. A method aeturdin^ to claim 4 characterised 
20 in that the carbohydrate is a polyeaooharide. 

7o A methud according 'to any of claims 1 to 

6 characterised in that the electrical signal is 
an alternating current signal or a pulsed direct 

. * current signal. 
2 5 8. A method according to any of claims 1 to 7 

. . characterised in that the electrical signal has a 
frequency of 0,1 kilohert.3 to 10 megahertz. 

9» -A method according to any or claims 1 to 

7 wherein the .electrical signal has a frequency of 
•30 1 kilohei-tz- to 1000 ldiohertZo 

10. A method according to any of olaime 1 to 

9 characterised in that the current per unit of inuer- 
electrode volume is' from 1 x 10~ 3 to 30 x 10 5 ailli- 
tunpereet per cubic centimeter, 

11. - A rowthod according to any- of claims 1 to 10 
characterised- in that the •current per unit of broth is 
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froia 1 x 10"* to 50 x 10~* mini amperes per cubic 
centimeter. 

12. A method accorQiiiK "to any of claims 1 to 11 
characterised in that the current density is from 2 x 
5 10 to 50 r 10 ndHifeuuperes per square centimeters. 

13* A metiiod anncvrflin^ to any of claims 1- to 12 
chorafctcrioed in that the voltage flux is Od to 5 
millivolts per centimeter. 

14o A method according to any of claims 1 to 13 
10 'characterised in that the interelectrode power diesip&t- 
ion io from 0*2 x 10 1 to 6 * 10 4 -watts per cubic 
centimeter of interelectrode volume. . 

• 15o A method according to any of claims 1 to 14- 
• characterised in that the broth power dissipation is 
15* from 0 o 2 x 10*® to 8 x 10~ 8 vratte per .cubic centimeter 
of brotho 



D5/31/2QQ1 15:42 0804215505 



RQZDTAX 



PAGC 2$/ 27 

r 



3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



DOCUMENTS GONSIPEFifci& TO*BE RELEVANT 



e»ie a «r>rf ^iiuj^u/acsunieni win-inaisjtfon. where apBrepriaf*. «« m»J a lf 



OoJovam 
to claim 



AGRICULTURAL AND BIOLOGICAL 
CHEMISTRY, vol. 43, no. 10, Octo. 
ber 1979, * 
Tokyo , JP , 

M. H0NG0 and M. IWAHARA: "Appli- 
cation of electro-energizing method 
to L-glutemic acid fermentation", 1 
pages 2075-5081 ' 

* The whole document, in parti- 
cular* the abstract and page 
2076, paragraph 2 * 



1,2, 
4-f>i7,| 
12, 13 



0041 373 

gr oi^flP'sW"' 



CLAeCiriOATIONOF IMh 
APPLICATION flnLClLi 



« 12 N 13/00 



CHKMIBAL ABSTRACTS, vol. fig, 
no. 25 1 December- 20, 1976* 
page 401, abstract 1907041T 
Coluiobus, Ohio, USA 
I. KREPIS. et al. "Increase in 
bioaass growth and in the phyaio- 
logical and biochemical activity 
of baker* & yeasts Saccharomycea 
cerevrlsLae. using eleetrophvsical 1 
agents" i • 

& ELEKTRON. OBRAB ♦ MATER " " ; 

1976 (A), 60-2 

^Abstract * 



1-9 r? 



TKUMNICAL FIELDS 



■C 12 N 13/00 



X I DE - fl - 2 841 033 fKABET. UND 
METALLWERKE GUTEHOFFNUNGSHUTTE ) 
* The whole document * 



* The whole document * 



X I PS - C - 567 laj_(F. SCHICK) 



Tho present soarch report has been drawn up for all claim* 



place oi search — . 

The Hague 

FO form 150*5 5Ci 



Ooio of eompioilon or ihtf tear VI i 

05-06-1961 



1-2,7 



1-5, 
7-12 



1-5,1: 



CATEGORY OF 
CITED DOCUMCNT3 



jwaminer 



J particularly relevant 

j As l*ehna!ogfe«| booj^rouod 

u: non-written disclosure 

I Pi InWrmotfUlodDoumcm 
| T: <hp^oc pr i notp , eghderJy|ng 

tfvo Invention 
I Ei conflicting duplication 
| 0: documant r.Upd in tho 

oppucauon 
tlx oitoiJonfDroir)«r»ea9ons 



| 4: member of ih« ^mo patent 
Temlly, 

corrocpondlng dooumeni 



GATXI0ANI 



85/31/2001- 15:42 



0004215505 



RCCDPAX 



PAGC 2C/27 



European Potent 
Oj)) Office 



EUROPEAN SEARCH REPORT 



0041373 

Application number 

EP 81 30 2368 



caieoory 



DOCUMENTS CONSIDERED TO BE RELEVANT 



CitaHsn ol document wim Indication, where eporooriate. ol relevant 
passages 



* Whole document * 



DE - C - 575 960 (P. SCHICK) 
* The whole document .* 



CHEMICAL ABSTRACTS, vol. 77, no-. 
7, August 14, 1972, page 347, 
abstract '467 42m 
Columbus. Ohio. USA 

& JP - A - 72 14745 (AJIKOMO'TO 
CO. I«C) C 10-05-1972) • 

* Whole abotrect * 



CHEMICAL ABSTRACTS , vol. Yb, no. 
23, December 6, 1971, 
pages 211-212, abstract 139401y 
Columbus, Ohio, USA. 

& JP - A - 71 27712 {A.TTN0MOT0 CO. 
INC.) (11-05-1971) 

* Whole abstract ** 



FR - A - 



1 057 842 (H. KLIEWE, 



0. NEIDL) 

* The whole document, in parti- 
cular: pa«e 1, paragraph 3; 
page 4 , summary * 



DP - A - 74 753 (H, SCHHOEDBR ) 
* The whole document ' * 



Relevant 
lodalm 



i-5, i: 



1.2,4^ 

•5.7, 
13 



1,2,4, 
5,7,13 



1.2,4, 
5,7-12 



1,2,4- 
7,13 



CLASSIFICATION Of I HE 
APPLICATION (Inu Cf.»| 



TECHNICAL FIELDS 
SEARCHED UnlCli) 



CPO Term 1 80S* 00.70 



05/31/2001 15:42 0004215505 



RCCDrAX 



PAGC 27/27 



European Patent 
ornce 



EUROPEAN SEARCH REPORT 



DOCUMENTS CONSIDERED TO BE RELE VANT 

Category] CArton ol.docwn,*.* wlm mo^Uon. when appropriate, of ro«*van7 



Relevant 

.o claim 



X! FH , A , BA3 994JJ.fi tB $ANDSTK0tf| 1.7 
* Tage 3, summary * 



0041 373 

Application number 

EP 81 30 2368 



CLASSIFICATION OF THE 
AKHLIQATIOM0ni.nl 3) 



TcoiiNrcAL rietoa 
searched pea. a.*) 



6PO Form lsnn,2 06.70 



